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(54) Process for the producUon of vlnyl-aromatlc polymers wHh a high degree of syndlolactldty 

(57) Process for the preparation of aystaOine viny- 
laromatlc polymers with a high degree of syndiotacticity 
which comprises polymerizing viny^omatic monon^ers 
in the presence of a catalytic system essentially consist- 
ing of: 

a) a complex of titanium selected from those having 
the general formula: 



(CpRiR2R3R4R5)'nX3 



(I) 



wherein the groups Ri, R2, R3. R4 and R5 rep- 
resent a hydrogen atom or CrCio alkyi groups; 
X represents a hydrogen atom, a halogen such 
as chlorine, a C^-C^o oxyalkyl radical or 
a C6-Ci2 Qxyaryl radical; 

b) an alkylaluminaxane: and 

c) an oiganic derivative of tin; 

characterized In that the alKylafuminoxane is math- 
ylaluminoxane (MAO) treated at 20^°C under 
vacuum for 1-100 hours and the organic derivative 
of tlnlstintetraphenyl. 
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Description 

The present invention relates to a process for the preparation of vinylan>n^c polymers with a high degree of syn- 
cfiotacticity. 

5 f^ore specifically; the present invention relates to a process fbr the preparation of crystalline polystyrene in which 
the polymeric chains have an essentiaDy syndiotadic configuration and the catalyst suitable for the purpose. 

Polystyrene is a thermoplastic polymer obtained by the radicalic polymerization of styrene and is used in the pro- 
duction of moulded articles, films, electrical materials, materials for packaging, etc It is an atactic, amorphous polymer 
with excellent insulating properties arxj reasonable thermal resistanca For numerous applications it is preferable how- 

10 ever to use crystafline materials with a high thermal resistance and resistance to solvents, characteristics which atactic 
polystyrene does not tiava 

European patent 210.615 descnlses a polystyrene having a structure characterized by an extremely high degree of 
stereoregularity. in whdch the phenyl sut^ituents are so an'anged as to provide a syndiotactic polymer. This material 
does not have the above disadvantages of atactic polystyrene as it is crystalline and therefore, once transformed, can 

IS be subjected to orientation processes, it is almost completely insoluble in organic solvents and has a melting point 
within the range of 260-280''C, giving it a high thermal resistance, comparable to or higher than that of condensation 
thermoplastic polymers (polyesters, potyamides^ polyimides. etc.). 

Syndiotactic polystyrene can be prepared accorcfing to what is described in Bterature, for example in European pat- 
ent EP 272.584 or in U.S. patent 4.978.730, by polymerization catalyzed t^y compounds of Ti or Zr, In the presence of 

20 a cocatalyst represented by methylaluminoxane (a mixture of cyclic and linear oligomers containing the repetitive unit • 
AlCI-isOO or. as described In pubGshed European patent application 421 .659, from derivatives of boron containing f luor- 
inated groups. 

Examples of catalysts for the synthesis of syndiotactic polystyrene provided in literature are titanium halides (chlo- 
ride, bromide, etc.), titanium alcoholates (methoxide, ethoxkie, propcodde, isopropoxide. butoxide, etc.), titanium car- 
25 boxylates, metallocenes (cyclopentadienyt titanium trichloride, cyclopentadienyt titanium dichloride. 
pentamethylcyclopentadienyl titanium trichloride, cyclopentadienyi titanium alkoxides, cyciopentadienyl titanium alkyls, 
pentamethytcyctopentadienyl titanium alkyls, dicyclopentadienyl titanium dichloride, dicyclciaentacfienyl titanium alkox- 
ides, etc.), titanium alkyte (titanium tetrabenzyl. titanium tetramelhyl. titanium tetraethyl, etc.) and the corresponding zir- 
conium compounds. 

90 The Applicant has now found that it is possible to syntheaze crystalline vinylaromatic polymers, and in particular 
crystalline polystyrene, having a highly syndiotactic configuration using a new catalytic system which has never been 
described in literature. 

The present invention tiierefbre relates to a process for tiie preparation of crystalline vinylaromatic polymers with a 
high degree of syrxJiotacticity which comprises polymerizing vinylaromatic monomers, either alone or mixed with at 
35 least one other ethyleitically unsaturated copolymerizat)le monomer, in the presence of a catalytic system essentially 
consisting of: 

a) a titanium complex having general formula: 

40 (CpRiR2R3R4FyTiX8 (I) 

wherein the groups Ri, R2. R3. R4 and Rs. the same or different, represent a hydrogen atom or C1-C10 alkyl 

groups; 

Cp is a cydopentarSenyi group; 
45 X represents a hydrogen atom* a halogen such as chlorine, a C^-C^o ^'M ^ oxyalkyi radical or a 0^-0^2 

oxyaryl radical; 

b) an alkylalunrdnoxane; and 

c) an organic derivative of tin; 

60 characterized In that the alkytaluminoxane Is methytalumjnoxane (MAO) treated at 20-80X under vacuum for 1- 
100 hours and the organic derivative of tin is tin tetraphenyl. 

WHh respect to the traditional catalytic systems, essentially based on compounds (a) and (b), tiie catalytic system 
of the present invention proves to be very active. Activities of over 1 ,000 Kg of polymer per grammoatcm of titanium, for 
55 exanple of up to 4,000 Kg, as well as a high degree of syndlotactictty. can be easily obtained. 

The compounds having general formula (1) are products which are known In literature and described in "Progress 
In Polymer Science" vol. 21 , page 47, 1996. 

Typical examples of complexes of titanium having formula (I) which are particularly suitable for the present invention 
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are CpTiCIa; CpTi(OCH3)3; CpTipCgHsh; CpTiCOCaHyjs; CpTi(Oi-C3H7)3: CpTl(OC4Hg)3; ICp(CH3)5rnCl3; 
[Cp(CH3)5lTlBr3; [CrtChysTnFa: CpTl(OC5H6)3; [Cp(CH3)5l-'n(OCH3)a; [QpCChysJTlCOCgHsh; 
[Cp(CHa)slTi(OC3H7)3; (Cp{CH3)5)Ti(OC4H9)3; [Cp(CH3)5lTi(OC5H6)3: CpTlHa; CpTiCCHajs: CpTlCCzHs) 
CpTiCCHgCsHefe: ICp(CH3)5l-nH3; [Cp(CHa)5rn(CH3)3: [Cp(CH3)5)Ti(C2H5)3; lCp(CH3)5)Ti(CH2C5H8)3; CpTi(0Ph)3; 
[Cp(CH3)5]'n(OPh>3. Particulariy prefBrred are the oompl6Kes in which the cyclopentHdienyl group is pentametliyl sub- 
stituted. 

The compounds of titanium having general formula (0 are added to the polymerlzalion mixture in such a quantity 
tr^ the molar tatio vinylaromatic monomer/Ti is between 10,000 and 1,000.000. preferably between 100.000 and 
500.000. 

The alkyialunmxane (cocatalyst) essentially consists of mixtures of products having a linear or cyclic or caged 
structure. In the first case the structure is represented by the general formula (11): 



PR'] R' 

\ 1 I y 

Al~0~f~Al~0 Al 

/ L J \ 



(II) 



20 



whereas in Ihe second case by the general fbmiula (III): 



30 



I 

Al 



(III) 



wherein m represents an integer between 1 and 40 and R' a methyl. The caged structure Is descrDsed in Molecules 
Symposium. Wo\. 97, 1995. 

SB AlkylaluminoDeanes are known in Bt^ature and described, for eicample, In pubCshed European patent appficaticns 
272.584 and 421 .659 or in US. patent 4.978.730. 

The cocatalyst is treated at a temperature of between 20 and SO^C under vacuum for at least one hour and can 
then be added to the polymerization rrrixture as such or in the tbrm of a solution in a suitable solvent, for example tolu- 
ene. 

40 The cocatalyst is generally used in such quantities that the molar ratio aluminum/Ti is between 50 and 5.000. 

Tin tetraphenyl Is a oonvnerdal product and is used In such a quantity that the molar ratio SnHl Is between 0.1 and 
100, preferably below 20. 

According to the process of the present invention, the catalytic system descnbed above can also comprise, option* 
ally, an aluminium alkyi in which the alkyi group contains tram 1 to 6 cait>on atoms, for example aluminium trimethyl, 
45 aluntfnium trielhyl, aluminium trilsobutyl. etc. in such a way that a part of the MAO can be substituted, corresponding to 
a percentage varying from 0 to 75% in moles. 

The term "vinylaromatic polymers" as used in the present invention and claims basically refers to polymers of sty- 
rene and derivatives of styrene and the relative ccpolymers containing up to 20% in moles of another oopolymerizable 
monomer selected from those having general formula (iV): 

so 

CH2=CH-R- {IV) 

wherein R" represents a hydrogen atom or a C^-Cs radical or a C4-C12 cydoalkyt radical. 

Derivatives of styrene comprise alkyi etyrenes. in which the alkyi group contains from 1 to 4 carton atoms, halo- 
55 genated styrenes, &1-C4 alkncy styrenes, cartxixy styrenes, vfnytnaphthalenes such as alpha- or beta-vinyl naphtha- 
lene, vinyl tetrahydro naphthalene such as 1 .2.3,4-tetrahydro-6-vinyfanaphthdlene. etc. Typical exanples of substituted 
styrenes are p-msthyls^ene, m-methylstyrene, alone or mixed with each other, ethylstyrene, butylstyrenei p-ter-butyl- 
styrene, dimethylstyrene, chlorostyrene, bromostyreneb fhiorostyrene, chloromethylstyrene, mathoxystyrene, acetoxy 
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methylstyrene, etc. 

The polymsiization reaction can be carried cut in mass or In sctvent In the latter case, the solvent can consist of 
aliphatic or aromatic hydrocartons or their mixtures and is used in such quantities that the ratio k>y volume solvent^mon- 
omers is between 0 and 1 0. The prefen-ed solvent is toluene. 

5 More specaicailyt according to the g eneral procedure adopted tor this type of reaction, the vinytaromatlc monomers 
are subjected bdore polymerization to specific treatment to eliminate catalytic poisons, such as phenol stabilizers, 
water, phenylacetylene. and consisting In distlllatbn, passage on columns containing activated molecular sieves or acti- 
vated alumina, etc. The monomere and. optionally, the solvent are charged into the reaction equipment together with 
the poss3)lB aluminium alkyi and oocatalyst After a time varying from 5 seconds to 30 minutBs, the catalytic system 

10 comprising the titanium oompleoc having general formual (1) and the tin tetraphenyi Is added, preferably In the form of a 
solution. The reaction pnxeede for times varying from 15 minutes to 10 hours at temperatures of between 20 and 
1 0C'C. At the end. the polymer obtained is reco/ered using the traditional methods. 

The bQowing illustrative but non-Rmiting examples are provided to give a better understantSng of the present inven- 
tion and tor Its embodiment 

Analy^ procedure: 

- The percentage of syndiotactic polymer is determined by extracting the polymer with acetone or methytethylketone 
(I^^EK) at boiling point for 10-20 hours. 
20 - The degree of stereoregularity is determined by nuclear magnetic resonance spectroscopy of carbon 13 as 
described on U.S. patent 4.680.353. 

^mpi^ 1 

25 500 ml Of a commercial eolutton of methylaluminoxane at 1 0% In tolum (Witco Gnt)H) were charged into a jack- 
eted reactor placed In an Inert atmosphere. TTie solvent was removed by distillation under vacuum at 5 torr and 55^C, 
after which the application of the vacuum at a temperature of BS'O was maintained for a further 1 .5 hours. At the end. 
the white powder obtained was transferred to a container in an inert atmosphere and used for the subsequent tests, 
after dissolutbn in toluena 

30 

CPMPARATIVR EXAMPLE 1 

This example describes the polymerization of styrene without tin tetraphenyi. 

20 ml of styrene (0.1 75 moles) purified by passage on a column of basic alumina, 0.42 ml of a 1 .66 M solution of 
3S MAO (treated as described in example 1) in toluene (6.97 x 10"^ moles) and 0.30 ml of an 0.00383 M solution of 
[Cp(CH3)5]Ti(OPh}3 in toluene (1 .15 x 1 0"® moles) were charged In an Inert atmosphere into a tailed test-tube. 

The reaction was carried out for 2 hours at SO'^C. At the end, the mixture was suspended in 200 ml of methanol 
acidified with 0.5 ml of concentrated HCI. 

404 mg {2J2%) of polymeric product were otTtained. which were not further characterized. 

40 

CQI^PARATIVE EXAMPLE 2 

This example descnlses the polymerization of styrene without tin tetraphenyi. 

20 ml of styrene (0.175 moles) purified by passage on a column of basic alumina, 0.62 ml of a 1.66 M solution of 
45 MAO (treated as described in example 1) In toluene (1 .03 x 10~^ moles) and 0.^ ml of an 0.00383 M solution of 
[Cp(CH3}s]TI(OPh}3 in toluene (1 .15 x 1 0'^ moles) were charged In an inert atmosphere into a tailed test-tube. 

The reaction was canied out for 2 hours at 90°C. At the end, the mixture was suspended in 200 n^ of methanol 
acidified with 0.5 ml of concentrated HCI. 

447 mg (2.6%) of polymeric product were obtained, which were not further characterized. 

so 

CXDMPARATIVE EXAMPLE 3 

This example describes the polymerization of styrene with non-treated methylaluminoxane. 

20 ml of styrene (0.1 75 moles) purified by passage on a column of basic alumina. 0.33 ml of a 1.57 M commercial 
55 solution of MAO In toluene (5.18 x 10"^ moles) and 0.54 ml of an 0.0O326 M solution of [Cp(CH3)o]Ti(OPh)3 In toluene 
(1 .75 X 10"^ motes) were charged in an inert atmosphere into a tafled test-tube. 

The reaction was canied out for 2 hours at SO^'C. At the end, the mixture was suspended in 200 ml of methanol 
acidified with 0.5 ml of concentrated l-ICI. 
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935 mg of potymeric product were obtained. 876 mg of polymer vt&e extracted with methytethyiketone at boiling 
point for 8 hours, producing 133 mg of syndiotactic polystyrene (insoluble fraction 15.2%, yield of syndiotactic polysty- 
rene: 0.8%). 

5 COMPARATIVE EXAf^PLE 4 

This eocample describes the polymerization of styrene in the presence of tin tetramethyl. 

15 ml of etyrene (0.131 moles) purified by passage on a column of basic alumina. 0.49 mi of a 1.62 M solution of 
h/IAO (treated as described in example 1) In toluene (7.8C x IC^ moles). 0.53 ml of an 0.00992 M solution of tin tatram- 
TO ethyl in toluene (5.24 x 10*® nwles) and 0.47 ml of an 0.00281 M solution of [Cp(CH3)5]Tl(OPh)3 In toluene (1.31 x 10" 
® moles) were charged in an Inert atmosphere into a tailed test-tube. 

The reaction was carried out for 2 hours at BO'^C, At the end. the mixture was suspended in 200 ml of methanol 
acidified with 0.5 ml of concentrated HQ. 

466 mg (3.4%) of polymeric product were obtained, which were not further characterized. 

15 

EXAMPLE g 

20 ml Of s^ene (0.175 moles] purified by passage on a column of basic alumina. 0.65 ml of a 1.62 M solution of 
IM AO (treated as described in exarripla 1 ) in toluene (6.97 x 1 0'^ moles), 4 mg of tin tetraphenyf (9.3 x 1 0'^ moles) and 
20 0.62 nH of an 0.00281 M solution of [Cp(CI-l3}5]Ti(0Ph)3 in toluene (1 .75 x 10'^ nroles) were charged in an inert atnKS- 
phere into a taOed test-tuba 

The reaction was can-ied out for 2 hours at 90''C. At the end. the mixture was suspended in 200 ml of methanol 
acidified with 0.5 ml of concentrated HCL 

9.853 g of polymeric product were obtained. 2.675 g of polymer were extracted with methylethylkBtone at boiling 
25 point for 8 hours, producing 2.359 g of syndiotactic polystyrene (insoluble fraction 88.2%, yield of syndiotactic polysty- 
rene: 47.8%). 

EXAMPI.E3 

30 20 ml Of styrene (0.175 moles) purified by passage on a column of basic alumina. 0.43 ml of a 1.62 M solution of 
MAO (treated as described in example 1) in toluene (6.97 x ^a^^ moles). 0.58 ml of an 0.01 M solution of tin tetraphenyl 
in toluene (5.83 x 10'^ moles) and 0.42 ml of an 0.00281 M solution of [Cp(CH3)5JTi(0Ph)3 in toluene (1.75 x 10*^ 
moles) were charged in an inert atmosphere Into a tailed test-tut>a 

The reaction was canled out for 2 hours at 90^*0. A\ the end, the mixture was suspended in 200 ml of methanol 
35 acidified with 0.5 ml of concentrated HQ. 

7.203 g of polymeric product were obtained. 2.459 g of polymer were extracted with methylethylkBtone at boiling 
point for 8 hours, producing 2.261 g of syndiotactic polystyrene (insoluble fraction 91 .9%, yield of syndiotactic polysty- 
rene: 36.4%). 

40 EXAMPLE 4 

20 ml of styrene (0.175 moles) purified by passage on a column of baste alumina. 0.65 ml of a 1.62 M solution of 
MAO (treated as described in exannple 1) in toluene (1 .05 x 10"^ moles). 0.44 ml of an 0.01 M solution of tin tetraphenyl 
in toluene (4.4 x 10"^ moles) and 0.31 ml of an 0.00281 M solution of [(^CHa)s]T1(0Ph)3 in toluene (8.75 x 10'^ moles) 
45 were charged In an Inert atmosphere into a tailed test-tut^a 

The reaction was canied out for 2 hours at 90^C. At the end, the nrdxture was suspended in 200 ml of methanbl 
acidified with 0.5 ml of concentrated HCI. 

7.064 g of polymeric product were obtained. 4.127 g of polymer were extracted with methylethylkBtone at boiling 
point for 8 hours, producing 3.823 g of syndiotactic polystyrene (insoluble fraction 92.6%, yield of syndiotactic polysty- 
50 rene: 36%). 

Table 1 indicates the activities of the catalysts used In the previous examples. 
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TABLE 1 



Example 


Molar ratios Sty- 
rena/At/ri/Sn 


Activity (Kg/mole6 71) 


Syndiotactidty (%) 


2 


100.000^00:1:5 


4980 


>99.5 


3 


150.000^00:1:5 


5660 


>99.5 


4 


200.000:1200:1:5 


7480 


>99.5 


comp.1 


150,000:600:1:0 


<350 




compi2 


150.000^00:1:0 


<390 




comp.3 


100.000:300:1:0 


80 


>99.5 


compi4 


100.000:600:1:4 


<S60 





Claims 

20 1 . A process for the preparatbn of cryetalline vinytaromatic polymers with a high degree of syncEotacticity which com- 
prises polymerizing virrylaromatic monomers, alone or mixed with at least one other oopolymerizablBi etfiylenicalty 
unsaturated nmnomer. in the presence of a catalytic system essentiaDy consisting of: 

a) a complex of titanium selected from those having the general Ibrmula: 

25 

(CpRiR2R3R4R5)"nXa (I) 

wherein the groups Ri , Rg, R3. R4. and R5 represent a hydrogen atom or C1-C10 a^ Qroups; 
Cp is a cydopentadienyl groi^; 
30 X represents a hydrogen atom, a halogen such as chlorine, a Or0^o oxyalkyi radical or a Ce-Cig 

Qxyaryl radical; 

b) an alkytaluminoxane; and 

c) an organic derivativB of tin; 

35 characterized in that the all^aluminoxane is methylaluminoxane (MAO) treated at 20-80°C under vacuum for 

1-100 hours and the organic derivative of tin is tin tstraphenyl. 

2. The process according to claim 1, wherein the molar ratio vinylaromatic monomer/TI is between 10.000 and 
1.000.000. 

40 

3. The process according to claim 1 or 2. wherein the Gocatafyst Is used is such quantities that the molar ratio alumin- 
ium/titanium is between 50 and 5.000. 

4. The process according to any of the previous claims, wherein the derivative of tin is added to the polymerization 
46 mixture In such a quantity that the molar ratio SnHI Is between 0.01 and 100. 

5. The process according to any of the previous claims, wherein the catalytic system comprises an aluminum alkyi in 
wMch the aO^ group oontains from 1 to 6 carbon atoms. 

50 6. The process according to dalm 5. wherein the aluminum allqfl substitutes a part of MAO corresponding to a per- 
centage varying from 0 to 75% in moles. 

7. The process according to any of the previous claims, wherein the polymerization reaction is carried out in mass or 

in Golvent. 

55 

& The process accorcSng to daim 7, wherein the solvent is used in such quantities that the ratio by volume sol* 
ventAnonomers Is between 0 and 10. 
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9. The process according to any of the previous dainns wherein the polymerization is carried out at temperatures of 
between 20 and lOO^C. 

10. A catalytic composition comprising: 

5 

a) a titanium complex selected from those having general fonnula: 

(CpRiRaRsR4R5)TlX3 (I) 

70 wherein the groups R2. Rs. R4 and Rs* the same or different, represent a hydrogen atom or CrCio 

alkyl groups; 

Cp is a cyclopentacfienyl group: 

X represents a hydrogen atom, a halogen such as chlorine, a C1-G10 ^^'^ ^ oxyolkyl radical or a Ce-Ci2 
oxyaryl radical; 
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b) an atkyialuminoxane; and 

c) an organic derivative of tin; 

characterized In that the alkylaiuminoxane is methylaluminoxane (MAO) treated at 20-80''C under vacuum for 
1-100 hours and the organic derivative of tin Is tin tetraphenyl. 

11. TTie use of a catalytic composition comprising: 

a) a titanium complex selected from those having general fonnula: 

(C^RlR2R3R4R5)"nX3 0) 



vwherein the groups Ri, Rg, R3, R4 and R5. the same or different, represent a hydrogen atom or C^-Cio 
alkyl groups; 

Cp is a cyclopentadienyl group; 
30 X represents a hydrogen atom, a halogen such as chlorine, a CrCio alM or oxyalkyi radical or a C6-C12 

oxyaryl radical; 

b) an ail^laluminoxane; and 

c) an organic derivative of tin; 

55 characterized in that the alkylaiuminoxane is methytalumincxane (MAO) treated at ZO-SO^'C under vacuum for 

1-100 hours and the organrc derivative of tin is tin tetraphenyl, in the preparatton of crystalGne vinylaromatic 
polymers having a high degree of syndiotacticity- 
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